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FIG. 11

MEASUREMENT CONDITION
Vdd=2.83V,

INPUT SIGNAL1 (RF1) : INPUT POWER=21.5dBm, FREQUENCY=f1=1,950MHz
INPUT SIGNAL2 (RF1) : INPUT POWER=-15dBm, FREQUENCY={2

IMD2 (*1) IMD3 (*2)
f2 190MHz 4,090MHz | 1,760MHz | 6,040MHz

RELATED EXAMPLE | =99.3aBm | -97.6dBm [ -95.2dBm | -96.1dBm

INVENTIVE EXAMPLE | -103.5dBm | —-103.5dBm | —101.3dBm | —102.5dBm

*1: SECOND-ORDER INTERMODULATION DISTORTION GENERATED
AT 2,140 MHz WHEN FEEDING RF1 AND RF2 SIGNALS

2. THIRD-ORDER INTERMODULATION DISTORTION GENERATED
AT 2,140 MHz WHEN FEEDING RF1 AND RF2 SIGNALS

FIG. 12
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HIGH-FREQUENCY DEVICE INCLUDING
HIGH-FREQUENCY SWITCHING CIRCUIT

CROSS REFERENCES TO RELATED
APPLICATIONS

The present invention contains subject matter related to
Japanese Patent Application JP 2005-210169 filed in the

Japanese Patent Office on Jul. 20, 2005, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to high-frequency devices
including high-frequency switching circuits and being appli-
cable to, for example, cellular phones.

2. Description of the Related Art

For example, cellular phones have communicated with
cach other using high-frequency signals having frequencies
in the range of 800 MHz to 2.3 GHz. In such relatively high
frequencies, compound semiconductors such as GaAs, which
has high electron mobility, in place of known Group IV semi-
conductors, such as a S1 semiconductor, have often been used
tor power amplifiers (PAs) for amplifying transmission pow-
ers, low-noise amplifiers (LNA) for amplifying received sig-
nals, and switching circuits for switching signals, 1n view of
high-frequency characteristics.

Devices including high-frequency integrated circuits con-
taining the compound semiconductors such as GaAs have
satisfactory high-frequency characteristics when the devices
are driven at low voltages. However, as trends toward lower
voltage and higher performance grow, there have been further
stringent demands for the improvement of frequency charac-
teristics, 1n particular, a reduction 1n distortion of switching,
circuits that correspond to third-generation (3G) cellular
phones and that enable simultaneous transmission and recep-
tion.

For example, as switching circuits for switching antennae
in cellular phones, from the above-described reasons, switch
monolithic microwave integrated circuits (switch MMICs)
including field-effect transistors (FETs) each containing a
(GaAs compound semiconductor have often been used. Such
antenna-switching circuits are required to meet stringent
requirements: low loss, low distortion, and the like at a low
operating voltage, e.g., at an operating voltage of 2.6 V.

Various switch ICs have been proposed (for example, see
Uda. A Very High Isolation GaAs SPDT Switch IC Seald in
an Ultra-compact Plastic Package. IEEE GaAs IC Sympo-
stum 1993, pp. 132-135H).

FI1G.12 is a circuit diagram showing the most basic switch-
ing circuit including junction gate field-effect transistors
(I-FE'Ts) each containing, for example, a GaAs compound
semiconductor. In this case, a first FET1 and a second FET2
are disposed on a common GaAs substrate, the first FET1 and
the second FET2 each being a J-FET. The source of the first
FET1 1s connected to the drain of the second FET2. One end
of the current channel of the first FE'T1 1s connected to a first
input/output terminal I/0O1 with a capacitor C1, the other end
1s connected to a second input/output terminal I/O2 via a
capacitor C2. One end of the current channel of the second
FET2 1s connected to a ground terminal GND via a capacitor
C3. Thereby, the circuit 1s DC-decoupled from the exterior.

The gate of the first FET1 1s connected to a control signal
input terminal C1L1 via a resistor R1. The gate of the second
FET2 1s connected to a control signal input terminal CTL2 via
aresistor R2. The midpoint of the current channel between the
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source of the first FE'T1 and the drain of the second FET2 1s
connected to a DC bias terminal via a resistor R3.

In this switching circuit 11, for example, a logic circuit
applies a bias voltage of 2 V to the switching circuit via the
resistor R3. For example, when a high voltage, e.g., 3 V, 1s
applied to the terminal CTL1, the gate bias (with respectto the

drain and source) ofthe first FET11s 1 V. Asaresult, the FET1
1s ON. On the other hand, for example, when a low voltage,

e.g., 0V, 1s applied to the terminal CTL2, the gate bias (with

respectto the drain and source) of the second FET2 15 -2 V. As
a result, the FE'T2 1s OFF. Theretore, the channel between the

terminals I/O1 and 1/O2 1s ON, that 1s, the switching circuit 1s
ON.

In contrast, for example, when a low voltage, e.g., 0V, 1s
applied to the terminal CTL1, the gate bias (with respect to the
drain and source) of the first FET1 1s -2 V. As a result, the
FET1 1s OFF. On the other hand, for example, when a high

voltage, e.g., 3V, 1s applied to the terminal CTL2, the gate

bias (with respect to the drain and source) of the second FET2
1s 1 V. As a result, the FET2 1s ON. Therefore, the channel

between the terminals I/O1 and 1/02 1s OPEN. That i1s, the

signal channel 1s high-frequency-short-circuited, thus ensur-
ing further 1solation.

FIG. 13 1s a schematic cross-sectional view of a mounted
high-frequency device including a known switch MMIC hav-
ing the above-described switching circuait.

In this case, a switch MMIC 102 1s mounted on a conduc-
tive die pad 101. Electrodes of the MMIC 102 are connected
to first and second high-frequency mnput/output terminals
I/01 and 1/O2, at which a high frequency 1s inputted or
outputted, with lead wires 104 or the like. The switch MMIC
102, the conductive die pad 101, and the first and second
high-frequency input/output terminals I/01 and 1/0O2 are cov-
ered with a resin mold 1035 to form a packaged integrated
circuit (IC). The packaged IC 1s disposed on a circuit board
100. The conductive die pad 101 and the first and second
high-frequency input/output terminals I/O1 and 1/O2 are
clectrically connected to the circuit board 100.

The die pad 101 1s formed of a conductive metal layer and
1s grounded.

FIG. 14 1s a schematic fragmentary cross-sectional view of
a junction gate field-eflect transistor (J-FET) containing, for
example, GaAs. In this case, a lightly doped semiconductor
layer constituting a channel-forming region 107 1s disposed
on a GaAs substrate 106 composed of bulk GaAs and 1is
disposed between, for example, two heavily doped N regions,
1.€., a source region 108S and a drain region 108D. A drain
clectrode D, a source electrode S, and a gate electrode G are
in ohmic contact with the drain region, the source region, and
the gate region, respectively.

The presence of the semiinsulating GaAs substrate 106
disposed directly below the channel-forming region 107, 1.e.,
remote from a gate region 109, minmimizes leakage of a signal.

SUMMARY OF THE INVENTION

As described above, 1n consumer applications typified by
cellular phones, high-frequency MMICs each containing a
GaAs compound semiconductor have often been used.
Achievement of high-frequency GaAs ICs having satisfac-
tory high-frequency performance and productivity 1s
required.

However, 1n the high-frequency switching circuits each
containing the compound semiconductor, 1t 1s difficult to
suificiently achieve lower distortion, which 1s a stringent
requirement, with high reliability.
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According to an embodiment of the present invention,
there 1s provided a high-frequency device including a high-
frequency switching circuit that overcomes such disadvan-
tages.

According to an embodiment of the present mvention,
there 1s provided a high-frequency device including a switch-
ing circuit that overcomes such disadvantages.

A high-frequency device having a switching circuit
according to an embodiment of the present invention includes
a compound semiconductor substrate; a first high-frequency
input/output terminal; a second high-frequency input/output
terminal; a control signal input terminal; a power terminal; a
ground terminal; an 1insulating portion disposed on one main
surface of the compound semiconductor substrate; and a volt-
age-applying electrode for applying a predetermined positive
voltage from the power electrode to the compound semicon-
ductor substrate, wherein the switching circuit having a field-
elfect transistor disposed on the other main surface of the
active region of the compound semiconductor substrate.

In the above-described high-frequency device having the
switching circuit according to an embodiment of the present
invention, the positive voltage applied to the compound semi-
conductor substrate 1s a fixed positive voltage.

In the above-described device according to an embodiment
of the present invention, the insulating portion 1s disposed on
the back surface of the compound semiconductor substrate
constituting the switching circuit. Thus, the positive voltage
1s applied to the compound semiconductor substrate while the
substrate 1s electrically isolated from other components.
Therefore, 1t 1s possible to stably suppress and control a
depletion region under the field-effect transistor.

The above-described high-frequency device having the
switching circuit according to an embodiment of the present
invention further includes a resistor for applying the prede-
termined positive voltage to the compound semiconductor
substrate, the resistor being disposed between the power ter-
minal and the voltage-applying terminal.

The above-described high-frequency device having the
switching circuit according to an embodiment of the present
invention further includes a metal plate disposed between the
compound semiconductor substrate and the insulating por-
tion, the metal plate being attached to the compound semi-
conductor substrate, wherein the metal plate serves as the
voltage-applying electrode.

The high-frequency device having the switching circuit
according to an embodiment of the present invention further
includes a silicon semiconductor substrate having a comple-
mentary metal-oxide semiconductor logic circuit; a control
signal input terminal for feeding a control signal to the logic
circuit; and a control signal output terminal for recerving a
control signal from the logic circuit.

In the high-frequency device having the switching circuit
according to an embodiment of the present invention, the
compound semiconductor substrate 1s a GaAs substrate.

In the above-described structure according to an embodi-
ment of the present invention, the insulating portion 1s dis-
posed on the back surface of the compound semiconductor
substrate, and a positive voltage 1s applied to the substrate.
Thus, 1t 1s possible to compensate the nonuniformity of con-
trol 1n a production process and to significantly reduce dis-
tortion, as compared with a known unstable switching circuit
to which a positive voltage 1s not applied.

This 1s believed to be due to the following.

With respect to a reduction 1n the distortion of a switching,
circuit composed of a compound semiconductor, 1n a current
technique of producing a compound semiconductor, for
example, a low-level impurity concentration and a material
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composition profile are not suificiently controlled. Thus, the
production of the field-effect transistor results 1n a minute
lot-to-lot vanation. In an unstable state 1n which a voltage 1s
not applied to the compound semiconductor substrate, 1n fact,
in the unstable state 1n which a bias voltage such as a ground
voltage 1s not applied to the compound semiconductor sub-
strate, an undesired trap 1s left directly below a channel, and
a depletion region 1s difficult to be controlled. Thais 1s believed
to be the cause for the generation of the distortion.

Furthermore, a large time constant of the capture or release
of an electric charge by the trap impairs the high-speed con-
trol of a high-frequency circuit.

Moreover, the depletion region 1s an undesired capacitance
component to degrade high-frequency characteristics.

According to an embodiment of the present invention, the
substrate 1s electrically 1solated by the insulating portion, and
a voltage 1s applied to the substrate. As a result, the influence
of the trap and the depletion region are suppressed, thus
reducing the distortion and improving the high-frequency
characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a device according to an
embodiment of the present invention;

FIG. 2 1s a schematic fragmentary cross-sectional view of
a device according to an embodiment of the present invention;

FIG. 3 1s a schematic fragmentary cross-sectional view of
a device according to another embodiment of the present
imnvention;

FIG. 4 1s a schematic fragmentary cross-sectional view of
a device according to another embodiment of the present
invention;

FIG. 5 1s a schematic fragmentary cross-sectional view of
a device according to another embodiment of the present
invention;

FIG. 6 1s a schematic fragmentary cross-sectional view of
a device according to another embodiment of the present
imnvention;

FIG. 7 1s a schematic fragmentary cross-sectional view of
a device according to another embodiment of the present
invention;

FIG. 8 1s a schematic plan view of a device according to
another embodiment of the present invention;

FIG. 9 1s a graph showing the dependence of the OFF
capacitance of a field-effect transistor on voltage applied to a
substrate of a device according to an embodiment of the
present invention;

FIG. 10 1s an 1llustration of a distortion measurement on a
known device and a device according to an embodiment of the
present invention;

FIG. 11 1s a table showing distortion measurement results
of the known device and the device according to the embodi-
ment of the present invention;

FIG. 12 1s a circuit diagram of a high-frequency switching
circuit;

FIG. 13 1s a schematic cross-sectional view of a known
switch MMIC; and

FIG. 14 1s a schematic cross-sectional view of a field-effect
transistor constituting a known switching circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A high-frequency device including a switching circuit
according to an embodiment of the present invention will be
exemplified. It 1s understood that the present invention 1s not
limited to the embodiment.
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FIG. 1 1s a block diagram of a device according to the
embodiment of the present invention. FIG. 2 1s a schematic
fragmentary cross-sectional view of the device.

In the present invention, a switching circuit 11 including a
FET1 that 1s a high-electron-mobility transistor (HEMT), a
junction field-effect transistor, or the like 1s disposed on a
compound semiconductor substrate 1 composed of GaAs or
the like. In this embodiment, the switching circuit 11 and a
logic circuit 12 for controlling the switching circuit 11.

An 1nsulating portion 2 1s disposed on the back surface of
the GaAs compound semiconductor substrate 1, 1.e., the insu-
lating portion 2 1s disposed on a main surface opposite a main
surface at which the field-etiect transistor 1s disposed. In this
embodiment, the insulating portion 2 1s an insulating package
substrate 20 composed of, for example, a glass epoxy resin of
flame retardant type 4 (FRT4).

The package substrate 20 includes, for example, first and
second mput/output terminals I/01 and 1/0O2 and a ground
terminal GND, which are used for the switching circuit 11;
and control signal mnput terminals CTL1 and CTL2 and a
power terminal Vdd, which are used for the logic circuit 12.

The compound semiconductor substrate 1 includes, for
example, a high-frequency device contaiming the switching
circuit 11 having the same circuit structure as that shown 1n
FIG. 12 and the logic circuit 12 for driving the switching
circuit 11.

In the present invention, the compound semiconductor
substrate 1 includes a voltage-applying electrode 30 for
applying a predetermined positive voltage to the compound
semiconductor substrate 1. A predetermined positive voltage
from the power terminal Vdd 1s applied to the voltage-apply-
ing electrode 30. In this case, preferably, a resistor R 1s dis-
posed between the power terminal Vdd and the voltage-ap-
plying electrode 30 to intercept an alternating current
component when the voltage 1s applied to the voltage-apply-
ing electrode 30.

For example, a power supply connection terminal 33 1s
disposed on an 1nsulating surface layer 34 on the compound
semiconductor substrate 1. The power supply connection ter-
minal 33 1s connected to the power terminal Vdd with a lead
wire or the like. The resistor R 1s formed as a circuit element
in the compound semiconductor substrate 1 and 1s disposed
between the power supply connection terminal 33 and the
voltage-applying electrode 30.

As described above, the switching circuit 11 includes first
and second FET1 and FET2 on the common compound semi-
conductor substrate 1, for example, a GaAs substrate, the

FET1 and FET2 each being a HEMT or a J-FET. The source
of the first FET1 1s connected to the drain of the second FET2.
One end of the current channel of the first FET1 1s connected
to a first input/output terminal I/O1 with a capacitor C1, the
other end 1s connected to a second mput/output terminal I/O2
via a capacitor C2. One end of the current channel of the
second FET2 1s connected to a ground terminal GND via a
capacitor C3. Thereby, the circuit 1s DC-decoupled from the
exterior.

Gates of the first and second FET1 and FET2 are connected
to control signal input terminals CTL1 and CTL2 via resistor
R1 and R2, respectively, the signal input terminals CTL1 and
CTL2 receiving control signals from the logic circuit 12. The
midpoint of the current channel between the source of the first
FET1 and the drain of the second FET2 1s connected to a DC
bias terminal via a resistor R3.

The logic circuit 12 1s supplied with a voltage from the
power terminal Vdd to which a power supply voltage 1s
applied. Control signals from control signal terminals CTLa
and C'TLb are fed to the logic circuit 12. The logic circuit 12
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teeds predetermined control signals to the control signal input
terminals CTL1 and CTL2. The logic circuit 12 feeds a pre-
determined bias voltage to a bias terminal Bias.

The above-described circuit elements, 1.e., the switching

circuit 11 and the logic circuit 12, are disposed on a main
surface of the active region 1a of the compound semiconduc-
tor substrate 1. The active region 1a can be formed by 10n
implantation.
The first field-etfect transistor FET1 1s exemplified 1n FIG.
2. The field-effect transistor 1s formed by the following pro-
cedure: for example, a p-type gate region 5 or the like 1s
formed on a channel-forming region 4 having low impurity
concentration by 1on implantation or the like. An n-type
source or drain 3 1s similarly formed by 10n implantation or
the like so as to be disposed at each side of the channel-
forming region 4.

A resin mold package 40 covers the compound semicon-
ductor substrate 1 and the like disposed on the package sub-
strate 20.

The switching circuit 11 having the structure 1s controlled
by a signal from the logic circuit 12 and operates 1n the same
way as described 1n FIG. 12.

That 1s, for example, a bias voltage of 2 V from the logic
circuit 12 1s applied to the switching circuit 11 via the resistor
R3. For example, when a high voltage, e.g., 3 V, 1s applied to
the terminal CTL1, the gate bias (with respect to the drain and
source) of the first FET1 1s 1 V. As a result, the FE'T1 1s ON.
On the other hand, for example, when a low voltage, e.g., 0V,
1s applied to the terminal CTL2, the gate bias (with respect to
the drain and source) of the Second FET2 1s =2 V. As a result,
the FET2 1s OFF. Therelore, the channel between the termai-
nals I/01 and 1/02 1s ON, that 1s, the switching circuit 11 1s
ON.

In contrast, for example, when a low voltage, e.g., 0V, 1s
applied to the terminal CTL1, the gate bias (withrespectto the
drain and source) of the ﬁrst FET1 1s -2 V. As a result, the
FET1 1s OFF. On the other hand, for example, when a high
voltage, e.g., 3V, 1s applied to the terminal CTL2, the gate

bias (with respect to the drain and source) of the second FET2
1s 1 V. As a result, the FET2 1s ON. Therefore, the channel

between the terminals I/O1 and /02 1s OPEN. That 1s, the
signal channel 1s high-frequency-short-circuited, thus ensur-
ing further 1solation.

In the present invention, as described above, the voltage-
applying electrode 30 1s disposed on the compound semicon-
ductor substrate 1 1n order to apply, for example, a predeter-
mined positive bias voltage to the compound semiconductor
substrate 1. This results in a igh-frequency device including
a switching circuit having improved distortion.

This 1s believed to result from a decrease in capacitance
due to the reduction of the depletion region of the field-effect
transistor. For example, this 1s believed to result from the
prevention of the capture and release of an unstable electric
charge by a trap or the like.

In the embodiment shown 1n FIG. 2, the voltage-applying
clectrode 30 1s disposed on a main surface having the circuit
clements, such as a FET, of the compound semiconductor
substrate 1. Alternatively, as shown 1n FIG. 3 that 1s a sche-
matic fragmentary cross-sectional view of a high-frequency
device including a switching circuit according to an embodi-
ment of the present invention, the voltage-applying electrode
30 may be constituted of first and second electrodes 31 and 32
that are electrically connected to each other.

In this case, a resistor R may be disposed between the first
and second electrodes 31 and 32. Alternatively, the above-
described resistor R may be disposed between the first elec-
trode 31 and the power supply connection terminal 33.
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As shownin FIG. 3, the first electrode 31 1s disposed on one
main surface having circuit elements, such as a FET, of the
compound semiconductor substrate 1. The second electrode
32 1s disposed on the other main surface. A positive voltage
can be applied to the compound semiconductor substrate 1

using the second electrode 32.
As shown 1n FIG. 3, the first electrode 31 may be electri-

cally connected to the second electrodes 32 through a via hole
50 passing through the compound semiconductor substrate 1.

Alternatively, the first electrode 31 may be electrically
connected to the second electrodes 32 with lead wires.

In the structure shown 1n FIG. 3, the second electrode 32 1s
disposed under at least a region at which field-effect transis-
tors, such as FET1 and FET2, are disposed. However, a larger
arca of the second electrode 32 results 1n larger parasitic
capacitance, thereby possibly affecting high-frequency char-
acteristics. Thus, the area of the second electrode 32 1s pret-
erably 50% or less of that of the compound semiconductor
substrate 1.

FIG. 4 1s a schematic cross-sectional view of a device
according to another embodiment of the present invention. In
this embodiment, a metal plate 1s disposed between the com-
pound semiconductor substrate and the insulating portion 2.

In this embodiment, a metal plate 60, which 1s a lead frame,
1s disposed. A die pad 61 of the lead frame 1s electrically
connected to the back surface of the compound semiconduc-
tor substrate 1 shown in FIG. 2 with a conductive material 62,
such as a silver paste. The resin mold package 40 functions as
the insulating portion 2. In this case, the voltage-applying
clectrode 30 may be connected to the power terminal Vdd via
the die pad 61 and the above-described resistor R.

In FIGS. 3 and 4, the same or equivalent elements corre-
sponding to FIGS. 1 and 2 are designated using the same
reference numerals, and redundant description 1s not
repeated.

FIGS. 5, 6, and 7 are each a schematic cross-sectional view
showing an exemplary positional relationship between a
field-effect transistor (FET) and the voltage-applying elec-
trode 30. Each exemplified FET 1s a junction-gate pseudo-
morphic high-electron-mobility transistor (PHEMT). That 1s,
the compound semiconductor substrate 1 provided with epi-
taxially grown semiconductor layers constituting the
PHEMT 1s disposed on a semi-insulating (SI) GaAs substrate
1S or the like.

As shown 1n each of FIGS. §, 6, and 7, for example, an
undoped butler layer 71 composed of AlGaAs, a first n-type-
impurity-doped layer 72, a channel layer 73, a second n-type-
impurity-doped layer 74, and a lightly doped layer 75 are
formed in that order by epitaxial growth on the GaAs sub-
strate 1S. A p-type gate region 76 1s formed by 1on implanta-
tion of Zn 1ons or the like.

Contact layers 78, which are each an n-type heavily doped
source/drain composed of GaAs or the like, are disposed
between the p-type gate region 76. Electrodes 79 are disposed
on the respective contact layers 78. Thereby, the FET, which
1s HEMT, 1s formed.

In addition to the active region 1la including the circuit
clements such as the FE'T, a high-resistivity nonactive region
15 formed by 10n implantation of boron B 1s disposed so as to
surround the active region la or to separate a plurality of
active regions.

As shown 1n FIG. 5 or 7, the voltage-applying electrode 30
may be disposed on the nonactive region 15. Alternatively, as
shown 1n FIG. 6, which 1s a schematic cross-sectional view,
the voltage-applving electrode 30 may be disposed on
another active region 1a separated from the active region 1a
including the FET by the nonactive region 15.

The voltage-applying electrode 30 1s 1n contact with an
impurity-doped region 77 of the same conductivity type as
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that of the channel (channel-forming region) or the same
conductivity type as that of the gate.

In this structure, 1t was confirmed that distortion character-
1stics and 1solation were further stabilized and improved. This
1s believed to result from the successiul application of a
positive voltage to the back side of the FET.

The mmpurity-doped region 77 can be formed simulta-
neously with, for example, the formation of the p-type gate
region 76 of the FET, such as the HEM'T, or the contact layers
78, which are each a source/drain.

In the above-described embodiment, the nonactive region
15 1s formed by 1on implantation. Alternatively, the active
region 1a may be formed 1n a high-resistivity semiconductor
layer by 1on implantation depending on the structure of the
FET.

In each of the above-described embodiments, the switch-
ing circuit 11 and the logic circuit 12 are disposed on the
common compound semiconductor substrate 1. Alterna-
tively, as shown 1n FIG. 8, which 1s a schematic plan view, a
high-frequency device having the following structure may be
formed: for example, only the switching circuit 11 1s disposed
on the GaAs compound semiconductor substrate 1. A logic
circuit 1s disposed on, for example, a S1 substrate, which 1s a
Group IV element semiconductor substrate, different from
the compound semiconductor substrate 1. The switching cir-
cuit 11 1s connected to the logic circuit with lead wires or the
like. In FIG. 8, the same or equivalent elements are designated
using the same reference numerals, and redundant descrip-
tion 1s not repeated.

FIG. 9 1s a graph showing the dependence of the OFF
capacitance of the field-effect transistor FET1 on bias voltage
applied to the compound semiconductor substrate 1. In this
case, 1t 1s found that the OFF capacitance 1s reduced by 10%
when a voltage of 3 V 1s applied to the substrate.

That 1s, with respect to switching properties, 1solation 1s
improved.

The device shown 1n FIG. 3 1s a high-frequency device
having a dual pole dual throw (DPDT) switch. In this case,
intermodulation distortions IMD2 and IMD3 are signifi-
cantly improved.

As shown 1 FIG. 10, high-frequency input signals REF2
and RF1 are fed to a dual pole 3 throw (DP3T) switching
circuit between input/output terminals I/O1 and 1/02. F1G. 11
shows second- and third-order intermodulation distortions 1n
an mventive example, 1 which a voltage 1s applied to a
substrate, and a related example, 1n which a voltage 1s not
applied to a substrate. As 1s clear from the results, 1n the
iventive example, the intermodulation distortions are
improved.

As described above, a high-frequency device, correspond-
ing to 3G, according to the embodiment of the present mven-
tion meets the stringent requirements, 1.¢., has improved high-
frequency characteristics, 1n particular, reduced distortion.

The present invention 1s not limited to the above-described
embodiments.

It should be understood by those skilled i the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:
1. A high-frequency device having a switching circuit, the
device comprising:

an insulating substrate;

a compound semiconductor substrate on the insulating
substrate;

an active region on a first main surface of the compound
semiconductor substrate, the first main surface facing
away from the 1mnsulating substrate;
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a first high-frequency input/output terminal on the msulat-
ing substrate;

a second high-frequency input/output terminal on the 1nsu-
lating substrate;

a control signal input terminal on the insulating substrate;

a power supply connection terminal on the compound
semiconductor substrate:

a ground terminal on the mnsulating substrate;
a voltage-applying electrode on the compound semicon-
ductor substrate; and
a resistor 1n the compound semiconductor substrate,
wherein,
the voltage-applying electrode 1s in direct contact with
the first main surface of the compound semiconductor
substrate such that a predetermined positive voltage
from the power supply connection terminal can be
applied to the compound semiconductor substrate via
the voltage-applying electrode,
the resistor 1s formed as a circuit element 1n the com-

pound semiconductor substrate and 1s disposed
between the power supply connection terminal and
the voltage-applying electrode,

the switching circuit includes a field-effect transistor
located within the active region on the first main sur-
face of the compound semiconductor substrate, and

the compound semiconductor substrate 1s electrically
1solated by the insulating substrate from the other
clements of the high-frequency device.

2. The high-frequency device according to claim 1,
wherein the positive voltage applied to the compound semi-
conductor substrate 1s a fixed positive voltage.

3. The high-frequency device having a switching circuit
according to claim 1, wherein the compound semiconductor
substrate includes a nonactive region within which the semi-
conductor circuit element 1s not located, and the nonactive
region 1s formed by 1on 1mplantation.

4. The high-frequency device having a switching circuit
according to claim 1, wherein the compound semiconductor
substrate includes a nonactive region within which the field-
elfect transistor 1s not located, and the nonactive region 1s
formed by etching.

5. The high-frequency device having a switching circuit
according to claim 1, wherein the compound semiconductor
substrate includes a non active region within which the filed-
elfect transistor 1s not located and another active region
within which the voltage-applying electrode 1s located, the
another active region separated from the active region with
the field-etlect transistor by the nonactive region.

6. The high-frequency device having a switching circuit
according to claim 1, further comprising:

a nonactive region within which the semiconductor circuit
clement 1s not located, the nonactive region located on
the compound semiconductor substrate,

wherein,
the voltage-applying electrode for applying the positive

voltage to the substrate 1s located within the nonactive
region.

7. The high-frequency device having a switching circuit
according to claim 1, further comprising:

a nonactive region within which the field-etfect transistor
1s not located, the nonactive region located on the com-
pound semiconductor substrate; and

an 1mpurity-doped region having the same conductivity
type as the channel of the field-effect transistor located
within the nonactive region,

wherein,
the voltage-applying electrode for applying the positive

voltage to the compound semiconductor substrate 1s
in contact with the impurity-doped region.
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8. The high-frequency device having a switching circuit
according to claim 1, further comprising:

a nonactive region within which the semiconductor circuit
clement 1s not located, the nonactive region located on
the compound semiconductor substrate; and

an 1mpurity-doped region having the same conductivity
type as the gate of the field-effect transistor located
within the nonactive region,

wherein,
the voltage-applying electrode 1s 1n contact with the

impurity-doped region.

9. The high-frequency device having a switching circuit
according to claim 1, wherein the voltage-applying electrode
includes

a first subelectrode; and

a second subelectrode, the first subelectrode being electri-
cally connected to the second subelectrode, and the first
subelectrode being connected to the power electrode.

10. The high-frequency device having a switching circuit
according to claim 9, further comprising:

a resistor disposed between the first subelectrode and the

second subelectrode.

11. The high-frequency device having a switching circuit
according to claim 9, wherein

the second subelectrode 1s disposed on the first main sur-
face of the compound semiconductor substrate; and

the area of the second subelectrode 1s 50% or less of the
area of the compound semiconductor substrate.

12. The high-frequency device having a switching circuit

according to claim 9, further comprising:
a via hole passing through the compound semiconductor
substrate,
wherein,
the first subelectrode 1s located on the second main sur-
face of the compound semiconductor substrate and

the second subelectrode 1s located on the first main sur-
face of the compound semiconductor substrate, the
first subelectrode being electrically connected to the
second subelectrode through the via hole.

13. The high-frequency device having a switching circuit
according to claim 9, wherein:

the first subelectrode 1s located on the second main surface
of the compound semiconductor substrate; and

the second subelectrode 1s located on the first main surface
of the compound semiconductor substrate, the first sub-
clectrode being electrically connected to the second sub-
clectrode by means of a lead wire.

14. The high-frequency device having a switching circuit
according to claim 9, further comprising a resistor, the power
supply connection terminal being connected to the first sub-
clectrode via the resistor.

15. The high-frequency device having a switching circuit
according to claim 1, further comprising a metal plate located
between the compound semiconductor substrate and the insu-
lating portion, the metal plate being attached to the compound
semiconductor substrate, and the metal plate serving as the
voltage-applying electrode.

16. The high-frequency device having a switching circuit
according to claim 1, further comprising:

a s1licon semiconductor substrate having a complementary

metal-oxide semiconductor logic circuit;

a control signal input terminal by means of which a control

signal can be supplied to the logic circuit; and
a control signal output terminal which can receive a control

signal from the logic circuat.
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17. The ligh-frequency device having a switching circuit
according to claim 1, wherein the compound semiconductor
substrate 1s a GaAs substrate.
18. A high frequency device which includes a switching
circuit, the device comprising:
an 1sulating substrate;
a compound semiconductor substrate on the insulating
substrate;
an electrode on the compound semiconductor substrate;
a resistor formed as a circuit element 1n the compound
semiconductor substrate and coupled to the electrode;
and
the switching circuit located on a first main surface of the
compound semiconductor substrate,
wherein,
the electrode 1s 1n direct contact with the first main
surface of the compound semiconductor substrate
such that a voltage signal can be applied to the com-
pound semiconductor substrate via electrode,

the switching circuit includes a field-effect transistor
located within the active region on the first main sur-
face of the compound semiconductor substrate, and

the compound semiconductor substrate 1s electrically
1solated by the insulating substrate from the other
clements of the high-frequency device.
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